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Spokane, Washington
To determine the long-term effect of surgical reperfusion on
survival and left ventricular function of patients with ante-
rior and inferior Q wave myocardial infarction, 387 patients
were followed up for >_10 years after early Q wave infarc-
tion . In the anterior infarction group, 102 received conven-
tional therapy and 101 underwent surgical reperfusion. The
overall hospital mortality rate in the medically and surgically
treated patients was different (16 .7% [17 of 102] versus 6. %
[7 of 101], p < 0 .05) . The cumulative 13 year actuarial
mortality rate widened between the anterior medical and
surgical groups (54% versus 31%, p = 0.0003) by the
adjusted Cox proportional hazards model . The hospital
mortality rate with early reperfusion (that is, <_6 h of
symptom onset) was 2% (1 of 51), whereas the mortality rate
with late reperfusion was 12% (6 of 50) . The 13 year
actuarial cumulative mortality rate was significantly lower in
both the early and late reperfusion groups (30% and 33%,
respectively) than in the conventional therapy group (54%,
p = 0.0006) . The mortality rate in patients receiving surgery
after surviving initial medical therapy was 50% (15 of 30) .
In the survivors of anterior Q wave myocardial infarc-
tion, improved global ejection fraction was seen in the
patients undergoing early (54 ± 13%) and late (50 ± 10%)
surgery relative to those receiving conventional therapy
(43 ± 11%, p < 0.05). Only the early reperfusion group
had better regional function of the anterior wall than that of
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the conventional therapy group . Thus, ventricular function
correlated with improved long-term survival .
In the patients with inferior Q wave myocardial infarc-
tion, the overall hospital mortality rate in the medical and
surgical groups was not different (6 .1% [6 of  8] versus
4.6% [6 of 86], p = NS) . Likewise, the 13 year actuarial
cumulative mortality rate was not different between the
medical and surgical groups overall (32% versus 30%, p =
0.2 ) by the adjusted Cox proportional hazards model . The
hospital mortality rate in the early reperfusion group was
lower than that in the late reperfusion group (2 .0% [1 of 4 ]
versus 8 .1% [3 of 37], p = NS). The 13 year actuarial
cumulative mortality rate was lower in the early surgical
group compared with that in the medical group (1 % versus
32%, p = 0.04). The late surgical group had a similar 13
year actuarial cumulative mortality rate to that of the
medical group (47% versus 32%, respectively, p = 0.47) .
The mortality rate in patients receiving surgery after surviv-
ing initial medical therapy was low (3 .3%, 1 of 30) . Im-
proved regional and global ejection fraction was seen in the
patients undergoing early (56 ±  %) but not late (51 ± 11 %)
reperfusion relative to values in patients receiving conven-
tional therapy (47 ± 10%, p = NS). Early but not late
reperfusion resulted in better long-term survival and better
left ventricular function than did conventional therapy .
(J Am Call Cardiol 1 8 ;14 78- 0)
Our previous study (1) focused on overall survival and
morbidity after Q wave myocardial infarction treated by
medical management or surgical reperfusion . Reports from
the 1 70s (2-5) indicated that short-term survival and left
ventricular performance are worse in anterior (versus infe-
rior) myocardial infarction due to extensive left ventricular
damage. In an earlier study (6) examining medical and
surgical management of acute myocardial infarction, we
observed that short-term mortality was highest in patients
0735-10 7/8 /$3 .50
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Table 1 . Clinical Characteristics of Medical and Surgical Treatment Groups
Conventional
Therapy
	
Overall
sustaining anterior Q wave myocardial infarction whether
treated medically or surgically . The long-term outcome of
these patients who sustained the two types of Q wave
myocardial infarction has not been presented .
The present study was designed to determine the out-
come of patients with anterior or inferior Q wave myocardial
infarction treated by medical or surgical management . Ad-
ditionally, we attempted to define whether early (that is,
<_6 h of symptom onset) surgical reperfusion correlated with
improvement in long-term survival and better global and
regional left ventricular function in the survivors of each
type of infarction relative to conventional therapy .
Methods
Study patients.
The mechanism by which patients were
selected for medical or surgical therapy has been described
previously (1) . Because the basic question was whether early
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A. Anterior Q Wave Myocardial Infarction
Surgical Reperfusion
p*
<_6
h p* >6 h
p *
*p values between conventional therapy and the column to the right of the surgery group (overall,
 -6
h or >6 h of therapy) ; coronary anatomy available
in 67% and 80%, respectively, of the conventional therapy group . CAD = coronary artery disease .
reperfusion resulted in lower mortality or better left ventric-
ular function than did conventional therapy or late reperfu-
sion, patient groups were analyzed as to whether early or
late reperfusion was performed . Patients in the conventional
therapy group and the early and late reperfusion groups were
then classified into those with anterior or inferior Q wave
infarction .
Study entry characteristics of the patient groups. The
patients who sustained acute anterior or inferior Q wave
myocardial infarction and received conventional therapy or
surgical reperfusion were compared in multiple clinical char-
acteristics determined on study entry . These characteristics
are presented in Table IA and B . Each patient was also
assigned a clinical functional class described by Killip and
Kimball (7) .
Electrocardiographic (ECG) interpretation . All patients
had persistent ST segment elevation on study entry . Ante-
rior wall Q wave infarction included anterior, anterolateral,
No. of patients
Age (yr)
Gender (% male)
Previous MI
Vessels with CADt
1
2
3 or 3+
Clinical class on study entry (7)
1
11
111
IV
102
56 ± 6
76%
15 (15%)
2 (43%)
25 (37%)
14 (21%)
53 (52%)
34 (34%)
8 (8%)
6(6%)
101
55 ± 7
84%
20 (20%)
35 (35%)
36(37%)
30 (30%)
51 (57%)
38 (38%)
40%)
8(8%)
0 .36
0 .22
0 .36
0 .34
0 .60
51
55 ± 7
82%
10 (20%)
20(3 %)
15 (2 %)
1601%)
25 (4 %)
21 (41%)
2 (4%)
3 (6%)
0 .26
0 .53
0.4 
0.3 
0 .70
50
56 ± 6
86%
10 (20%)
15 (30%)
21 (42%)
14(28%)
26(52%)
17 (34%)
2 (4%)
5 (10%)
0 .76
0 .20
0 .48
0 .35
0 .67
B . Inferior Q Wave Myocardial Infarction
No. of patients  8 86 4  37
Age (yr)
57 ± 7 57 ± 7 0
.56
55 ± 7 0
.82 54 ± 6 0 .42
Gender (% male) 81% 80% 0 .85 71% 0 .20  2% 0 .14
Previous Ml 1606%) 12 (14%) 0 .6    (18%) 0.81 2 (8%) 0 .28
Vessels with CADS
1
34(44%)
31 (36%)
18 (37%)
13 (35%)
2 27 (35%) 34 (40%) 0 .61 21 (43%) 0.63 13 (35%) 0 .58
3 or 3+ 17 (22%) 21 (24%) 10(20%) 11 (300/0
Clinical class on study entry
1 6 (70%) 60(70%) 36 (73%) 24 (65%)
11 26(27%, ) 17 (20%) 10 (20%) 7 (1 %)
0 .14 0.73 0 .02
111 2 (2%) 3 (3%) 2 (4%)
1 (3%)
IV 1 (1%) 6 (7%) I (2%) 5 (14%)
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Table 2 .
Reasons for Noninclusion in Left Ventriculographic Analysis
anteroseptal and lateral infarction . Inferior wall Q wave
infarction included inferior, inferoposterior and inferolateral
infarctions .
Crossover data . The number of patients in the anterior
and inferior myocardial infarction groups who survived
conventional therapy but later crossed over to elective
surgery was determined . These patients were analyzed with
use of the "intention to treat" principle because the question
was whether surgical reperfusion during the early period of
the index infarct affected long-term survival and left ventric-
ular function .
Circumstances of the initial left heart study . All patients
were hospitalized with evolving anterior or inferior wall Q
wave myocardial infarction . Details of the initial cathe-
terization have been previously described (8) . Generally,
measurements of rest left heart pressures and left ventricu-
lography were performed before coronary arteriography .
Vasoactive medication was not given unless the patient was
severely hypertensive or in cardiogenic shock ( ) . When
cardiogenic shock was present, intraaortic balloon counter-
pulsation was usually instituted while surgery progressed
and the patient was on cardiopulmonary bypass . Thus, the
initial cardiac catheterization was usually performed in the
absence of assisted circulation or vasoactive medications .
Operative procedure . Complete revascularization was at-
tempted in all cases. The core temperature was lowered to
<30°C on cardiopulmonary bypass . In the anterior infarc-
tion group, the patients undergoing early versus late reper-
fusion were placed on cardiopulmonary bypass an average of
4.8 ± 0.  h versus 11.8 ± 5.7 h, after symptom onset, (p <
0.01) (the difference by definition) . The cross-clamp time in
the early versus late surgical reperfusion group was not
significantly different (32 .6 ± 13 versus 35 .6 ± 17 min, p =
*Not done because of mortality before postmyocardial infarction catheterization because the patient refused or the attending doctor deferred for clinical
reasons . LCx = left circumflex coronary artery   LVG = left ventriculograms .
NS) . In the inferior infarction group, the patients with early
versus late reperfusion were placed on cardiopulmonary
bypass at 4.  ± I h versus 11 ± 5 h (p < 0 .01) . Cross-clamp
time in the early and late reperfusion groups was similar . The
ventricle was vented in most patients in both the early and
the late reperfusion group .
Circumstances of postinfarction cardiac catheterization .
Of the total number of patients who survived medical or
surgical therapy for anterior infarction, 5 % (104 of 177) and
56% ( 8 of 176), respectively, underwent postinfarction left
heart studies used for analysis in this study . The reasons for
noninclusion in left ventriculographic analysis are detailed in
Table 2 . In the anterior infarction group, 5 % (50 of 85) of
the survivors in the medical group were restudied, whereas
58% (55 of  4) of the surgically treated patients had suitable
left heart ventriculographic data . In the inferior infarction
group, 5 % (54 of  2) of the survivors in the medical group
had left heart studies, whereas 53% (43 of 82) of the surgical
group had suitable repeat left heart studies . In the anterior
infarction group, all patient data included in the ventriculo-
graphic analysis were acquired within I year of infarction . In
the medical, early surgical and late surgical patients with
anterior infarction, repeat cardiac catheterization was per-
formed an average of 4 .5, 5 .  and 2 .7 months, respectively,
from the index infarction . The medical, early surgical and
late surgical subgroups of patients with inferior infarction
underwent postinfarction cardiac catheterization at an aver-
age of 2 .5, 3 and 5.6 months, respectively, after the original
infarction . Postinfarction left ventriculographic films were
not used if there was insufficient dye instillation, ventricular
irritability or left circumflex artery-related infarctions . Pa-
tients with left circumflex artery-related infarction were
excluded because the 30° right anterior oblique projection
Group
Early
Death
Late Angiogram Not Used in This Study
Survivors
Late LVG
Used
Eligible for LCx-
Late
Related
Angiography Infarct
Data
Missing
Poor
Quality
LVGs
Not
Done*
Anterior (n = 102) -+ (17) - 85 0 5 5 25 50 (5 %)
Medical
(n = 200)
Inferior (n =  8) --> (6)
-
 2 ° 10 0 5 23 54 (50)
104/177
(5 %)
Anterior (n = 101)
-
(7) -  4 0 2 5 32 55 (58%)
Surgical
(n = 187)
Inferior (n = 86) -* (4) - 82 5 2 5 27 43 (53%)
 8/176
(56%)
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Table 3. Clinical Characteristics of Patients With Postinfarction Left Heart Studies
Conventional
Therapy
	
Overall
was used to assess left ventricular function in these patients
and major wall motion abnormalities due to left circumflex
artery-related infarction are frequently insignificant in this
view .
Fifty patients who survived medical therapy and 55
patients who survived surgical therapy for anterior infarc-
tion underwent suitable postinfarction left heart studies
(Tables 2 and 3). Patients who received surgical reperfusion
were dichotomized according to whether early or late reper-
fusion was performed. Fifty-four patients who received
medical therapy and 43 patients with surgical therapy for
inferior infarction underwent suitable left heart studies (Ta-
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A. Anterior Q Wave Myocardial Infarction
Surgical Reperfusion
p"  s6 h p* >6 h p*
*p values between conventional therapy and the column to the right of the surgery group (overall,
<6
h or >6 h of therapy)  tcoronary anatomy available
in l00% of the conventional therapy group ; Hemodynamic measurements at postinfarction catheterization were not significantly different among subgroups . AO
= mean aortic pressure   CAD = coronary artery disease   HR = heart rate  LVFP = left ventricular filling pressure   MI = myocardial infarction .
bles 2 and 3) . Fifteen patients (10 medical, 5 surgical) were
excluded from the study because of left circumflex artery-
related infarction . Other reasons for exclusion are listed in
Table 2 .
Analysis of left ventricular function. Global left ventricu-
lar function . Each ventriculogram was analyzed in the 30°
right anterior oblique projection . End-diastole and end-
systole were identified with use of a slow frame by frame
analysis . After this procedure, endocardial edges were iden-
tified and traced . The ventriculograms were corrected for
internal rotation as described by Leighton et al . (10) . When
the long axes at end-diastole and end-systole were identified,
No. of
Age (yr)
Previous
Vessels
1
2
3 or
HR
AO
LVFP
Clinical
1
II
111
IV
Hemodynamic
patients
MI
with CADt
3+
measurements#
(beats/min)
(mm Hg)
(mm Hg)
class on study entry
50
56 ± 6
6(12%)
22(44%)
18 (36%)
10 (200/0
82 ± 10
85 ± 6
15 ± 10
30(61%)
15 (31%)
4(8%)
0
55
55 ± 7
  (17%)
24 (44%)
21 (38%)
10 (18%)
80 ± 8
88 ± 15
15 ± 6
25 (46%)
27 (4 %)
2 (4%)
1 (2%)
0
.57
0 .50
0 .77
0 .16
35
54 ± 7
5 (14%)
17 (4 %)
12 (34%)
6 (17%)
83±10
86 ± 16
14 ± 10
1714 %)
16 (46%)
1 0% )
1 (3%)
0 .40
0 .76
0 .85
0 .24
20
56 ± 7
4 (200)
7 (35%)
 05%)
4(20%)
7 ±8
 0 ± 12
16 ± 8
8 (40%)
11 (55%)
I (5%)
0
0 . 2
0 .45
0
.80
0 .17
B . Inferior Q Wave Myocardial Infarction
No. of patients 54 43
23 20
Age (yr) 54 ± 7 54 ± 7 0 .8  54 _ 8 0 . 5 54 .6 ± 6 0 .86
Previous MI 5 (  .4%) 604%) 0 .53 4 (17 11c) 0 .27 2 (10%) 1 .0
Vessels
1
with CADt
21 (37%) 1 (44%) 10 (43%)   (45%)
2 1  (35%) 15 (35%) 0 .63  (3 1/0 0 .58 6 (30%) 0 .80
3 or 3+ 14 (2 %)   (21%) 4 (17%)
5 (25%)
HR
Hemodynamic measurements$
(beats/min)
78 ± 10 80 ± II 83±12
78±8
AA (mm Hg) 80 ± 6 78 ± 7 76±8 80±10
LVFP (mm Hg) 12 ± 5 13 ± 6 12±8 14±7
Clinical
I
class on study entry
40(74%)
33 (77%) 1 (83%) 14 (72%)
ll 14(26%) 5 (12%)
0 .03
13%)3( 2 (10%)
0
.16 0.006
III 0 2 (5%) 1 (4%r) 1 (5%)
IV 0 3 (7%) 0 3 (15%)
82
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Figure 1
.
Depiction of regional wall motion in the eight anterior
ventricular segments and the eight inferior segments . Segments A,
to A8 represent the anterior wall from the base to the apex .
Segments I, to 1, represent the inferior wall in the right anterior
oblique projection from the base to the apex .
the two were overlaid . Volumes were determined by Simp-
son's rule . Ejection fraction was calculated as end-diastolic
volume minus end-systolic volume divided by end-diastolic
volume and expressed in percent .
Regional left ventricular function . End-diastolic and end-
systolic frames were traced and overlaid
. The long axis was
formed from the center of the aortic valve to the apex
. The
long axis was then divided into eight equidistant chords on
the anterior wall and the inferior wall (Fig . 1). Regional
shortening fraction of each chord was defined as end-
diastolic length minus end-systolic length divided by end-
diastolic length in percent with use of a computer assisted
program . Normal values for left ventricular function were
derived from a group of 50 patients free of coronary and
valvular heart disease .
Statistical analysis . Comparison of groups was performed
by the two sample t test, chi-square test or Fisher exact test .
To adjust for imbalances in baseline covariates, the Cox
proportional hazards regression model was employed . To
evaluate survival, the analysis proceeded in two stages .
First, prognostic covariates were selected by stepwise step-
up Cox proportional hazard model. The assigned therapy
was then added to the prognostic model to see whether it
gave additional prognostic power . Characteristics consid-
ered were patients' age, gender, presence or absence of
previous myocardial infarction, location of current myocar-
dial infarction (inferior or anterior), Killip class on study
entry and the number of coronary vessels diseased . In the
analysis of left ventricular function, continuous variables
between groups were compared with use of the t test .
Chi-square or Fisher's exact test was used to compare the
distribution of discrete variables between groups . Local
regional ventricular function was assessed with use of eight
anterior or inferior chords. The multivariate one way analy-
sis of variance (ANOVA) (that is, Hotelling's t squared test)
was used to compare the distribution between groups . Only
when the overall eight mean chords differed between groups
(p < 0
.05) were the individual chord differences evaluated
and possibly considered important .
Results
Comparability of Groups With
Anterior Infarction
Comparability of medically and surgically treated anterior
infarction groups (Table 1). Of the 203 patients, 102 under-
went medical therapy and 101 underwent surgical reperfu-
sion. The groups were similar in clinical characteristics .
Because 67% (68 of 102) of the medical group with anterior
infarction had coronary anatomy defined by left heart cath-
eterization or autopsy, it is not completely clear how similar
the coronary anatomy of this group was to that of the
surgical group . The patients were similar in clinical classes I
to IV and other clinical descriptors .
Comparability of patient groups receiving early or late
reperfusion . Of the 101 patients who underwent surgical
treatment, 51 were placed on cardiopulmonary bypass
within 6 h of symptom onset and 50 patients by >6 h after
symptom onset (Table 1) . The early and late reperfusion
groups were similar to each other and to the conventional
therapy group in most clinical characteristics .
Comparability of Groups With
Inferior Infarction
Comparability of medically and surgically treated inferior
infarction groups (Table 1) . Ninety-eight patients underwent
conventional therapy and 86 underwent surgical reperfusion .
The patients were similar in all clinical characteristics on
study entry . Coronary anatomy was determined in 80% (70
of  8) of the conventional therapy group . Clinical classes 1,
II and III were similar between the medical and surgical
groups. There were more patients with cardiogenic shock in
the surgical group .
Comparability of patient groups receiving early or late
reperfusion (Table 1) . Of the 86 patients who underwent
surgical treatment, 4  patients were placed on cardiopulmo-
nary bypass _<6 h after symptom onset and 37 patients >6 h
after symptom onset . The early and late surgical groups were
similar to each other and to the medical therapy group
except for a larger prevalence of cardiogenic shock in the
group with late surgery .
Mortality
Anterior Q wave myocardial infarction (Table 4) . Im-
proved survival associated with surgery for the anterior
JACC Vol. 14, No . I
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Table 4 . Evaluation of Therapy Adjusting for Statistically Significant Prognostic Variables*
*Potential adjustment variables were age, gender, previous myocardial infarction (MI), Killip class and number of vessels diseased . Location of infarction was
used to stratify but not used to adjust
. See text for details .
myocardial infarction group (p = 0 .0028) was shown . The Figure 2 shows that hospital mortality between medical
estimated relative risk of medical versus surgical therapy and surgical groups was significantly different (16 .7% [17 of
and the  5% confidence interval for the patients with anterior 1011 versus 6. % [7 of 1011, p = 0.05) . As assessed by the
infarction was 2.32 (1 .47, 3 .64) . adjusted Cox proportional hazards model, the 13 year actu
Figure 2. Survival of the conventional
(medical) and surgical groups in pa-
tients with anterior Q wave infarction
(MI) . The early hospital mortality of
the medical group, 16
.7% (17 of 101),
was statistically significantly higher
than that of the surgical group, 6 . % (7
of 101) (p = 0.05) . The vertical bars
represent times of last follow-up (to the
nearest month) of patients alive at last
follow-up. The curves are Kaplan-
Meier (product limit) survival curves .
The treatments differed after Cox pro-
portional hazards adjustment for the
Killip classification (p = 0 .0003) . MI =
myocardial infarction .
C7
Z
1 .0 -
0 .8
-
0
.2
ADJUSTED COX PROPORTIONAL HAZARDS
P = 0 .0003
SURGICAL
CONVENTIONAL
I I I
~1111IIIII 11111
0 1 2 3 4 5 6 7 8   10 11 12 13
YEARS AFTER MI
Patient Group
End
Point
Model Without Therapy Adding Therapy
Variable
Entered
Univariate
p Value
Multivariate
p Value
Multivariate
p Value
Instantaneous
Relative Risk of
Medicine vs . Surgery
Anterior MI, medical Death Killip class <0 .001 <0 .001 <0.0001
therapy
vs . surgery (all) Therapy - 0.00028 2 .32
Anterior MI . only surgery Death Killip class <0 .0001
<0
.0001 <0 .0001
s6 h and medical therapy Gender 0.0510 0 .0510 0 .02  
Therapy - 0.0008 2 .84
Anterior MI, only surgery Death Killip class <0 .0001 <0 .0001 <0 .0001
>6 h and medical therapy Therapy - - 0
.01 5 1 . 5
Inferior MI, medical therapy Death Killip class <0 .0001 <0 .0001
vs
. surgery (all) Vessels
0
.027 0 .005  0
.014
Therapy - - 0.2 
Inferior MI, only surgery Death Killip class 0 .0017 0 .0004 0 .0001
<_6 h and medical therapy Vessels 0
.0002 0 .0001 0 .0010
Therapy - - 0.0477 2 .53
Inferior Ml, only surgery Death Killip class <0 .0001 <0 .0001 <0 .0001
z6 h and medical therapy Vessels 0 .046  0 .00 7 0 .008 
Therapy 0
.4753
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1 .0'
0 .8'
0.2
0.0 ,
( 
Z 0 .6
Q
~; 0.4
0
0.2'
0.0'
ADJUSTED COX PROPORTIONAL HAZARDS
CONVENTIONAL VS. SURGERY <= 6 HOURS P = 0 .0008
CONVENTIONAL VS. SURGERY > 6 HOURS P = 0 .01 5
I i . I
I
I I
I
0 1 2 3 4 5 6 7 8  
YEARS AFTER MI
anal cumulative mortality differences widened (54% versus
31%, p = 0.0003) .
Figure 3 shows that there were significant differences in
hospital mortality between the medical and early surgery
groups (16.7% [17 of 102] versus 2% [1 of 51 ], p < 0 .01). The
hospital mortality with late surgical treatment was 12% [6 of
50], which was not significantly different from that of con-
ventional therapy. As assessed by the adjusted Cox model,
the late surgical group had a lower 13 year actuarial cumu-
lative mortality than that of the conventional therapy group
ADJUSTED COX PROPORTIONAL HAZARDS
P =
0.2 
SURGICAL <= 6 HOURS
~_ SURGICAL > 6 HOURS
SURGICAL
CONVENTIONAL
0 1 2 3 4 5 6 7 8
YEARS AFTER MI
L_I_~I111111111 11111
CONVENTIONAL
-,
10 11 12 13
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Figure 3 . Survival of the conventional
medical group, early surgical group (s6
h from the onset of symptoms) and the
late surgical group (>6 h from the onset
of symptoms) among the patients with
anterior Q wave infarction are presented
by Kaplan-Meier (or product limit) sur-
vival curves . The vertical bars represent
times of last follow-up to the nearest
month for patients alive at last follow up .
The in-hospital mortality of the conven-
tional medical group (16.7%) differs sta-
tistically from that of the early surgery
group (2%) (1 of 51), but not from the late
surgery group (12%) (6 of 50) . Both sur-
gical groups had improved survival after
Cox proportional hazards adjusting for
prognostic covariates . For early surgery,
p = 0 .0008 after adjusting for Killip class
and gender (the unadjusted log rank p =
0.000 ) . For late surgery after adjusting
for Killip class, p = 0 .01 5 (the unad-
justed log rank p = 0 .0110) . MI = myo-
cardial infarction .
(33% versus 54%, p = 0 .01 5) . Unexpectedly, over the long
follow-up, the early and late reperfusion groups demon-
strated similar cumulative survival .
Of the 85 patients surviving conventional therapy, 30
(35%) underwent elective bypass surgery in the follow-up
period . Although there were no intraoperative deaths, the
long-term mortality was similar to that of conventional
therapy 50% (15
of 30) in this group .
Inferior Q wave myocardial infarction (Table 4, Fig . 4
and 5). There was no difference in therapeutic effect in the
  10 11 12 13
Figure 4 . For all inferior Q wave in-
farction patients Kaplan-Meier (or
product limit) survival curves are given
for the conventional medical and surgi-
cal groups . The vertical bars represent
times of last follow-up to the nearest
month for patients alive at last follow-
up. The early in-hospital mortality did
not differ statistically between the
medical (6 .1%) (6 of  8) and surgical
groups (4 .6%) (4 of 86) . The overall
survival was similar in the two groups
after Cox proportional hazards adjust-
ment for the Killip class and number of
diseased vessels (p = 0 .2 ) . The unad-
justed log rank p value was 0 .45 . MI =
myocardial infarction .
JACC Vol . 14, No . I
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Figure 5 . Kaplan-Meier (or product limit)
1 .0
survival curves are given for the conven-
tional (medical) group, early surgery group I		t
(<_6 h from the onset of symptoms) and the
late surgery group (>6 h from the onset of
symptoms) among inferior Q wave myo-
cardial infarction patients . The vertical
bars are at times of last follow-up (to the
> 0 .6'
nearest month) for patients alive at last
¢
follow-up . The early surgery group had n
improved survival after Cox proportional
hazards adjustment for the Killip class and o
number of vessels diseased when com-
pared with medical therapy, p = 0.0477 ;
the similar comparison for the patients
undergoing late surgery did not differ sta-
tistically, p = 0 .475 . (The unadjusted log
rank p values for medicine versus early
and late surgery, respectively, were p =
0.0164 and p = 0 .154) . MI = myocardial 0 1 2 3 4 5 6 7 8   10 1 1 12 13
infarction .
C,
Z
0.8'
0.4'
0.2 -
0.0
overall groups receiving medical or surgical therapy for
acute inferior myocardial infarction (Fig . 4). The hospital
mortality between medical and surgical groups was similar
(6.1% [6 of  8] versus 4 .6% [4 of 86], p = NS) . The adjusted
Cox proportional hazard model did not indicate a 13 year
actuarial cumulative mortality difference between the medi-
cal and surgical groups (32% versus 30%, p = 0 .2 ) .
Figure 5 presents the survival curves analyzed by the
adjusted Cox model . The hospital mortality in the medical
and early surgical groups was similar (6 .1% [6 of  81 versus
2% [1 of 4 1, p = NS) potentially not different because of
small numbers. Mortality was also similar in the medical
therapy and late reperfusion groups . Mortality patterns
diverged over the follow-up period ; the long-term 13 year
actuarial mortality was different between the medical ther-
apy and early reperfusion groups (1 % versus 32%, p =
0.0477) . Unexpectedly, the late surgical group demonstrated
slightly higher mortality (47% versus 32%, p = 0 .4747) than
did the medical therapy group .
Of the  2 patients who survived conventional therapy . 30
underwent elective bypass surgery in the follow-up period .
The mortality was very low (I of 30 ; 3 .3%) .
Left Ventricular Function in the Survivors of Q
Wave Myocardial Infarction
Table 3 demonstrates that the clinical characteristics on
study entry in the medical and surgical patients who sur-
vived anterior and inferior myocardial infarction and under-
went postinfarction cardiac catheterization were similar ex-
cept in some patients in the late surgery group . Likewise,
postinfarction hemodynamic measurements in the two
ADJUSTED COX PROPORTIONAL HAZARDS
CONVENTIONAL VS . SURGERY <= 6 HOURS P = 0.0477
CONVENTIONAL VS . SURGERY > 6
HOURS P =
0 .4747
groups indicated that heart rate, central aortic blood pres-
sure and left ventricular filling pressure were similar at
restudy . There was a higher prevalence of clinical class IV in
patients in the late surgical group who had inferior Q wave
infarction .
More than 70% (12  of 177) of the survivors of medical
therapy were eligible for postinfarction cardiac catheteriza-
tion (Table 2) . Nevertheless, because of technical reasons,
5 % were included for ventriculographic analysis in the
present study . Similarly, in the surgical group, 66% (117 of
Figure 6 . Global left ventricular function determined by Simpson's
rule in patients who received medical therapy, early surgical reper-
fusion or late surgical reperfusion for anterior myocardial infarction .
The horizontal shaded area represents normal ejection fraction . All
values are mean ± SD .
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Figure 7. Global left ventricular function determined by Simpson's
rule in patients who receive medical therapy, early surgical reper-
fusion or late surgical reperfusion for inferior myocardial infarction .
The horizontal shaded area represents normal ejection fraction . All
values are mean ± SD .
176) were eligible for repeat cardiac catheterization . As in
the medical group, 56% ( 8 of 176) were included for
ventriculographic analysis . The reasons for exclusion are
described in Table 2 .
Global Left Ventricular Ejection Fraction
Anterior Q wave infarction (Fig . 6) . The conventional
medical therapy group had a poorer global ejection fraction
than did the early surgical reperfusion group (43 ± 11%
versus 54 ± 13%, p < 0 .05) or the late surgical group (43 ±
11% versus 50 ± 10%, p < 0 .05) .
Inferior Q wave infarction (Fig . 7). The global ejection
fraction was worse in the medical therapy group than in the
early reperfusion group (47 ± 10% versus 56 ±  %, p <
0.01) . Also, the left ventricular ejection fraction was not
significantly different in the medical therapy and late surgery
groups (47 ± 10% versus 51 ± 11% . p = NS) .
Regional Left Ventricular Function
Anterior Q wave infarction (Fig . 8) . Analysis of regional
chord shortening of the survivors of anterior Q wave myo-
cardial infarction indicated that there was a progressive
deterioration in function in all groups from base to apex .
Regional function of the anterior wall was significantly better
in the early reperfusion than in the conventional therapy
group in the majority of segments . Unexpectedly, the late
reperfusion group demonstrated better regional performance
in many segments than that of the conventional therapy
group. The early surgical group had better regional perfor-
mance than did the late surgical group, but the differences
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Figure 8 . Regional left ventricular function after acute anterior Q
wave myocardial infarction is represented in the medical therapy
(closed circles), early surgical reperfusion (open circles) and late
surgical therapy (open squares) . Shaded areas represent normal
regional function in the areas depicted from base to apex. The areas
demonstrated correspond with those defined in Figure 1 . Multivari-
ate statistical analysis using Hotelling's t squared test showed that
both the early and late surgical groups had better regional function
than the medical group, p = 0 .0002 and p = 0 .0006, respectively .
The p values of the figure are for the individual segments comparing
medicine and each surgical group .
were only minor in some regions . Analysis by Hotelling's t
squared test indicated that overall regional performance was
better in the early surgery than in the conventional therapy
group (p = 0.0002) . Likewise, the regional performance of
the late surgical group was significantly better than that of
the conventional therapy group (p = 0 .0006) .
Inferior Q wave infarction (Fig .  ) . Analysis of regional
function of the inferior wall indicated that the early surgical
group had better regional function than did the conventional
therapy group or the late surgical group . Regional function of
the late surgical group was only slightly different from that of
the conventional therapy group . Analysis by Hotelling's t
squared test indicated that the early surgical group had
overall better regional contraction than that of the conven-
tional therapy group (p = 0.0001), but regional performance
of the late surgery group was not significantly different from
that of the conventional therapy group overall (p = 0 .223) .
Discussion
Mortality
Selection bias . Even though our data contain a mixture of
prospectively and retrospectively generated information, the
patients were followed up prospectively from 1 72 through
1 86 by annual questionnaire . Nevertheless, because of the
many comparisons or because of some bias in the commu-
nity, imbalances between the medical and surgical groups
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Figure  . Regional left ventricular function after acute inferior Q
wave myocardial infarction is represented in the medical therapy
(closed circles), early surgical reperfusion (open circles) and late
surgical therapy (open squares) groups . Shaded areas represent
normal regional function in the areas depicted from base to apex .
The areas demonstrated correspond with those defined in Figure I .
Multivariate statistical analysis using Hotelling's t squared test
showed that regional function in the medical group was worse than
that in the early surgical group (p = 0 .0001) but could not be
statistically distinguished from that in the late surgery group (p =
0.2223) . The p values referenced in the figure compare the medical
versus early and late surgical groups, respectively, for the individual
segments .
were present even though the majority of clinical character-
istics were similar. To adjust for potential differences in
variables, multivariate analysis (Table 4) was performed . As
is shown in Table 1, even without adjustments, the univari-
ate analysis indicated that the clinical characteristics of the
medical and surgical groups were similar . Analysis of Table
4 indicates that adding therapy (that is, surgery) may be
responsible for lower cumulative mortality in the anterior
infarction reperfusion group but only in the early surgical
subgroup of patients with inferior infarction .
Because coronary arteriography and left ventriculogra-
phy were not part of routine conventional therapy during the
study period (1 72 to 1 76), the conventional therapy group
did not undergo coronary arteriography during the acute
phase of infarction. This result has two important implica-
tions. Because coronary anatomy cannot be determined
without arteriography and because the clinical classification
of the conventional therapy group was similar to that of the
surgical group, it is difficult to support a bias against medical
therapy or in favor of surgery . Second, because invasive
studies were not performed in the medical therapy group, it
is unlikely that these patients were allocated to conventional
therapy because of known high or low risk arteriographic
findings or poor left ventricular function . Thus, if the patient
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cohorts were not clinically different and selection of patients
for medical therapy was not made on the basis of invasive
findings, it seems unlikely that much selection bias could
have been introduced . In support of this view is the method
by which patient entry was managed by the attending
physicians (1) .
The only disadvantage to either group may have been a
slightly higher incidence of three vessel disease in the
surgically treated anterior infarction group and a higher
incidence of cardiogenic shock in the surgically treated
inferior infarction group. Because the patients judged "too
ill" for inclusion in either group were removed from the
conventional therapy group, we doubt that there was a
prospective bias against the medical therapy group or for
surgery . Therefore, it is likely that the surgically treated
patients would have sustained a mortality rate similar to that
of patients receiving conventional therapy had the interven-
tion not been applied . This possibility is also supported by
the multivariate analysis performed (Table 4) .
Short-term mortality . Patients with anterior Q wave
myocardial infarction had a hospital mortality with conven-
tional therapy that was similar to that observed in nonran-
domized (4,11-15) and randomized (16,21) controlled clinical
trials . GISSI (22) and the Western Washington (23) throm-
bolytic trials reported hospital mortality rates of 18 .4% and
18. %, respectively, for the conventional therapy groups .
These were similar to the hospital mortality figures pre-
sented in this study. By contrast, Figures 2 and 3 indicate
that the hospital mortality of the surgically treated group was
significantly lower than that of the medical therapy or the
late surgery group .
In contrast to patients with anterior infarction, patients
with inferior infarction demonstrated low short-term mortal-
ity whether managed with conventional therapy or surgical
reperfusion (early or late) (Fig . 4) . Furthermore, mortality of
the medical therapy group with inferior infarction was sim-
ilar to that of observational studies (4,11-15) and of con-
trolled randomized trials (16-1 ,22,23) .
Long-term mortality . Anterior Q wave myocardial inf arc-
tion . Little is known regarding long-term prognosis > 10
years after the index infarct even though most studies
(2,4,11-15,20,21 .24-30) suggest a poorer survival and higher
morbidity with anterior versus inferior infarction . Most
studies (4,11-15.20,21,24- ) have reported smaller patient
cohorts and are limited to 3 years of follow-up . In a similar
population (4), long-term mortality at 48 months was similar
to that of the patients with anterior infarction given conven-
tional therapy . In contrast, surgical reperfusion (especially
the group treated early) yielded lower mortality than did
conventional therapy . An unexpected finding was that pa-
tients given late surgical reperfusion for anterior infarction
continued to show long-term reduction of mortality relative
to that of patients receiving conventional therapy . Another
unexpected finding was that bypass surgery did not provide
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any reduction in long-term mortality in patients crossing
over to surgery after medical management because 15 (50%)
of these 30 patients died .
In the patients with inferior Q wave infarction, results of
conventional therapy were similar to the long-term results of
the surgical reperfusion group (Fig . 4) . An important finding
was that the early application of surgery generated an
exceptionally low hospital mortality that remained low dur-
ing the follow-up period (Fig . 5) .
In the patients who crossed over to bypass surgery after
conventional therapy, the mortality rate was only 3% (1 of
30). This suggests that initial conventional therapy in pa-
tients with inferior infarction may be sufficient. Selected
patients may undergo arteriography to determine whether
additional therapy should be received .
Left Ventricular Function
Anterior Q wave infarction . In these patients . the effects
of reperfusion on global left ventricular function is difficult to
define because resolution of hyperkinetic segments in the
noninfarct zone coupled with improvement in regional func-
tion in the ischemic area may result in unchanged global left
ventricular function . Accordingly, regional studies were
performed (Fig . 8) . Both the early and late surgical reperfu-
sion groups generally demonstrated better left ventricular
function than did the conventional therapy group . In mea-
surements of global ejection fraction, better regional func-
tion in both surgical groups was consistent with improved
long-term survival relative to that of patients receiving
conventional therapy . Because baseline estimates of left
ventricular function were absent in the conventional therapy
group, we must infer that both groups had similar amounts of
left ventricular dysfunction on study entry . From other
studies (31), we do know that the postinfarction ejection
fraction in our conventional therapy group was similar to
that of patients receiving serial left heart catheterization in
the absence of any interventions .
Inferior Q wave infarction. In those patients who re-
turned for postinfarction cardiac catheterization, only the
early surgical reperfusion group demonstrated improved
global and regional left ventricular function relative to the
conventional therapy group (Fig . 7 and  ) . Even though
persistent contractile impairment was present on postinfarc-
tion left ventriculography, improved global and regional left
ventricular function in the early reperfusion group was
consistent with improved survival relative to that of patients
receiving conventional therapy . This relation was not found
in the late surgery group .
Significance of Surgical Reperfusion
The present study marks the end of an extended follow-
up period in patients receiving conventional therapy or
surgical treatment for acute myocardial infarction . An im-
portant question is whether or not limitation of the extent of
infarction was achieved in the surgically treated patients .
Animal studies indicate that successful reperfusion must
begin within 3 or 4 h from induced coronary occlusion
(32-36). Although valuable, laboratory experiments are sig-
nificantly different from the clinical situation because they
are designed to avoid perturbations such as chronic disease,
intermittent episodes of reversible ischemia, progressive
occlusion and other conditions that occur clinically (37) .
Nevertheless, the "therapeutic window" for successful
reperfusion is considered to be 3 to 4 h . If the animal data are
applicable to the clinical setting, improved survival and
better left ventricular function would be unlikely in the
surgically treated patients because patients in both the
anterior and the inferior Q wave infarction groups were
placed on cardiopulmonary bypass >4 h after symptom
onset. This outcome appeared to occur in the patients with
inferior myocardial infarction but not in those treated surgi-
cally for anterior infarction .
Anterior versus inferior infarction . The area of infarction
is an important consideration that may partially explain the
mortality and left ventricular function data in this study . It is
generally assumed that anterior infarcts are larger than
inferior infarcts (3,4,14,15,24) . It is accepted that the size of
an infarct is important and is a primary determinant of
survival after myocardial infarction. Whether or not the
location of the infarct is important is less clear . Anterior
infarction is more frequently associated with ventricular
thrombi, aneurysm formation and heart failure (30) than is
inferior infarction . Nevertheless, even if creatine kinase-
determined infarct size is similar, anterior infarcts cause
twice the mortality of inferior infarcts (15,24) . Because
inferior infarction is associated with less morbidity and
mortality than is anterior infarction, it should not be surpris-
ing that surgery (whether applied early or late) yielded
short-term mortality similar to that conventional therapy .
Thus, in inferior infarction the 3 to 4 h time limit probably
applies because of the characteristics of the infarct .
On the other hand, findings differed in patients who
sustained anterior infarction . Because blockage of the left
anterior descending coronary artery is usually associated
with extensive myocardial dysfunction in humans (38), it
may be possible that the duration of infarction in the
presence of large portions of ischemic myocardium may be
longer than that in inferior infarction . This possibility would
partly explain the unexpectedly favorably long-term mortal-
ity with the late surgical treatment group .
Mechanisms of surgical reperfusion . There are funda-
mental differences between surgical reperfusion and other
methods of reperfusion such as thrombolysis or coronary
angioplasty . In the surgical setting, hypothermia reduces
metabolic demands, and complete sedation in conjunction
with cardioplegia and topical myocardial cooling with low-
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ered core temperature are also present . Further, reduction in
preload and afterload occurs because the left ventricle is
decompressed and vented . These factors lead to a nonbeat-
ing, nonworking heart . Perhaps the most important feature is
that coronary bypass offers definitive therapy of the infarct-
related vessel as well as therapy for severe obstruction in
other vessels of the coronary vasculature . Thus, all factors
dictating myocardial oxygen demand are managed during the
procedure and problems of residual coronary stenosis and
reocculusion (37,3 -46) become less important consider-
ations .
The most important factors dictating return of left ven-
tricular function after myocardial infarction treated by reper-
fusion are the extent of residual restenosis and the time from
symptom onset to reperfusion (47) . Coronary bypass is
partially at a disadvantage . Clearly other and newer methods
of reperfusion can be performed earlier than surgery . Nev-
ertheless, there is a 20% to 30% failure rate with these other
methods of reperfusion (37,3 -46) indicating that residual
restenosis can be important. Thus, there may be a trade-off
in terms of time delay when implementing complete revas-
cularization by surgical methods . With the advent of newer
thrombolytic agents, these procedures aimed at reduction in
mortality and improved left ventricular function will proba-
bly become complementary (48,4 ) .
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